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Summary
This project consisted of designing and fabricating an electron vacuum tube guitar

amplifier. Vacuum tubes have become obsolete in modern electronics due to thier size,
cost, and inefficiency. However, vacuum tubes are still commonly used in guitar

amplifiers. Vacuums tube's nonlinear amplifying characteristics are ideal for distorting a
signal. Hence vacuum tubes are used in distorting guitaramplifiers commonly used in
rock music. While guitar amplifiers consist of many subsystems, the focus of this senior
design report is the distorting preamplifier.

Imagine a guitar signal as a pure sine wave (although in realitythe signal is a

complicated series of harmonics). It is possible to enhance the signal with distortion. This
can be done by biasing gain stages of the preamplifier in nonlinear regions of the vacuum

tube's plate characteristic curves [2]. When distorting the signal, harmonics of the
fundamental frequency are generated [2]. By "clipping" the sine wave in several gain

stages, the sine wave will eventually start to look like a square wave [6]. The square wave
will consist of the fundamental frequency and mostly odd harmonics. Some of the higher
harmonics are filtered out to avoid a brittle and bright sounding amplifier.

The preamplifier designed in the Widman VT-2 consists of four gain stages that

clip the guitar signal to addharmonics to the fundamental signal. The bandwidth of the
amplifier is 80 Hz to 3.5 kHz. All specifications were met except the actual stage gains
were lower than the designed stage gains. The error was caused by a graphical method

used to determine the designed stage gains. The second harmonic distortion could not be

measured acuratly due to limitations of the spectrum analyser. Thus the second harmonic

distortion specification was omitted. The amplifier was completed in a timely manner and

demonstrated at Western Michigan University's senior design conference on April 13th
2004.
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This report was generated by a group ofengineering seniors at Western
Michigan University. It is primarily a record ofa project conducted by
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engineering degree.
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Introduction

The primary purpose ofthe senior design project was to design and impliment a
vacuum tube distorting preamplifier. A preliminary design ofthe preamplifier was

developed in the fall of2003 and a modified version was made in spring 2004. Although
an entire guitar amplifier was designed and built, only the distorting preamplifier will be
anylzsed inthis report. Historically, vacuum tubes have been the most popular

amplification device inguitar amplifiers. Many guitarists prefer the sound ofvacuum

tube amplification to that oftransistor amplification. The secondary objective ofthis
report is to try to explain in quantitative terms why tube amplifiers sound better than
transistor amplifiers from the datacollected in this project.

Imagine the guitar signal as a pure sine wave. Harmonics ofthe fundamental

signal can be generated by clipping the sine wave. Clipping the sine wave in a single gain
stage causes asymetric clipping, which produces primarilly even harmonics ofthe
fundamental signal. By clipping the sine wave inmultiple gain stages the sine wave will
take the shape ofa rugged squarewave. Even and odd harmonics ofthe fundamental
signal are now present (for it is not a perfect squarewave), however the spetrum is
primarily dominated by odd harmonics (pure squarewaves only have odd harmonics). A
distorting amplifier may clip the signal inmultiple stages to produce harmonics ofthe
fundamental signal. The resulting signal is now severly distorted. Guitar sounds heard in
rock'n'roll songs are often created by clipping the guitar signal in muliple gain stages to
produce harmonics of the fundamental signal.

Original Design
The distortion preamplifier (seeFigure 1) was basedon a popular preamplifier
circuit developed by the Soldano Guitar Amplifier Company in the mid 1990s. The
circuit consists of four gain stages followed by a buffer (see Figure 1). The buffer

matches the high output impendence of the final tube stage withthe low input impedance
of the tone control passive filter which follows the distorting preamplifier. The following
section contains the analysis of the original distorting preamplifier.

Stage 1 of the preamplifier is a common cathode stage with bypassed cathode (see

Figure 2). This stage amplifies the input voltage from a level of 15 to 25 mV to a voltage
around IV. It is not important to design for second harmonic distortion in this stage. The

objective of stage 1 is to amplify the signal so the voltage swing becomes large enough to
swing into the nonlinear regions ofthe plate characteristic cures in later gain stages. This
will severely clip the signal. The plate characteristic curves of the 12ax7LPS can be seen
in Figure 2.
300 V

Figure 1: Original distorting preamplifier circuit

Since a large gain is desired with little second harmonic distortion, a quiescent

point (Q-point) with a grid voltage of-1 V, and a plate current of2 mA was selected. The
AC grid signal is so small (15-25 mV) that it never enters the nonlinear regions ofthe
plate characteristic cures and thus doesn't become distorted. The volume control (R7, see
Figure 1) was selected to be IM ohm. Hence R16 was selected to be 68K ohm to create
an AC load line passing through the Q-point.

The AC load line resulting from the parallel combination of R16 and R7 (63670

ohm) can be seen inFigure 2. The cathode resistor is determined by [10] (See Appendix
D for definitions):

Rk = IVg / Ip |

Ri resulted in being 526 ohms (1 V/1.9mA), thus the closest standard value of
510 ohms was selected.

12AX7LPS

ip
AC Load Line

Vp
lOOv

Ov

Q-point: Vg= -IV, Ip = 2mA

Figure 2: 12ax7LPS plate characteristic curves and Q-point of the first stage
The bypass capacitor C2 was determined by [3]:
C2 = 1 / (2*pi*f*Ri) = 1 / (2*pi*80*510) = 4 uF
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Thus the closest standard value of 4.7 uF was selected. In the previous calculation

f=80Hz for it is slightly lower than the lowest note a guitar can produce. The resulting 3

dB corner frequency is 66.4 Hz. The overall gain of the first stage is (see Appendix B):

Av = (mu * R16)/(R16 + rp) = (94 * 63670) / (63670 + 56000) = 50.01 = 34 dB
Where mu is the amplification factor and rp is the internalplate resistance. An

input signal of 20 mV would then have the output amplitude of 1 V, assuming thatthe
volume control is at maximum gain. The blocking capacitor C3 was selected to be 22nF.

This creates a highpass filter withR7 witha lower 3 dB corner frequency at 7.23 Hz. The
input capacitance of the first stage is [9]:

Cin = Cgk + Cgp(Av+l) = 1.6pF + 1.7pF * (1+50.01) = 88.3 pF

Where Cgk is the grid to cathode capacitance and Cgp is the grid to plate
capacitance (see Appendix A). The 68k grid resistor (R5) was selected to create a

lowpass filter with the input capacitance with a 3 dB corner frequency of26.5 kHz. The
resistor R5 also prevents parasitic oscillations caused by AM radio signals [3].

Since the input signal applied to the grid of the first stage is so small and since the
Q-point is well within the linear region, little or no distortion will occur in this stage.
The second stage is designed to produce 10% second harmonic distortion. This is

accomplished by placing the Q-point near the nonlinear region of the plate characteristic
curve. The Q-point is placed at a grid voltage of-2.5V and a plate current of 0.5 mA. The
Q-point ofthe second stage common cathode amplifier with bypassed cathode can be
seen in Figure 3. In order to draw the AC load line for the second stage it is necessary to

use the small signal model for this stage. The small signal model can be seen in Figure 4a

&b. This stage is to be designed with R10 operating at 100%. If the potentiometer (R10)
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was at 80% the current will bypass 80% of the potentiometer RL and pass through the

remaining 20%. By varying RL the user can adjust the AC load line and thus vary the
amount of secondharmonic distortion. Figure 14b shows that the equivalent AC
resistance is:

RAC = ((x*R10 + R2) || R3) +R1) || R8

Where x is the percentage the potentiometer RL is selected to operate at. This

design will assume that it operates at 100%, thus x=l. R10 was selected to be a standard
potentiometer value of IM, R1=R3=470K, R8=120k, and R2=10k. This yields an AC
load line resistance of 104188 ohms. The load line can be seen in Figure 3.

12AX7LPS

Ip

Vp
lOOv

200v /

Q-Point: Vg '= -2.5V, Ip = 0.5 mA

Figure 3: Q-point of stage 2

By using ohms law, R9 could be obtained:
R9 = 2.5 / 0.0005 = 5K

Thus the closest standard value resistor of 5.IK was selected. The bypass

capacitor C4 is:

Ck - C4 = 1 / (2 * pi * 80 * 5100) = 0.39 uF

12
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A standard capacitor value of luF was selected. This capacitor yields a lowpass
3dB frequency of 31 Hz. The voltage gain of this stage is:

|Av| = (mu*RAc) / (Rac +rP) = 61.13 V / V = 35.7 dB
Where:

RAC = ((RL + R2) || R3) +R1) || Rp = 104188 ohms

Assuming the output voltage from stage one is 1 volt, by drawing this gridvoltage

swing on the plate characteristic curve in Figure 3, the plate voltage will swing from 220
V to 275 V (A 55 V swing). However, R12 creates a voltage divider with (RIO +R13) ||
R14. The maximum voltage outputfrom the voltage divider is approximately half of the

output voltage from stage 2 since R12 = R14. This occurs when RIO is at 0%. The
minimum output voltage from the voltage divider is 0.02*Vin. This occurs when R10 is
at 100%. Assuming the out voltage swing from the plate is 55V and R10 is 100%, the

voltage applied to the grid of stage 3 will be 1.1 V. The input capacitance of the
12ax7LPS is:

Cin = 1.6p + 1.7p*(61.3+l) = 107.2 pF

The output impedance of stage one is:

Rout = rp || R16 || R7 = 29794 ohms

13
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Figure 4a & b: Stage 2 and its equivalent
small signal circuit at high frequencies

Where rp (internal plate resistance) is 56000 ohm (see 12ax7LPS datasheet in
Appendix A). Thus the upper 3 dB frequency of the second stage determined by the
lowpass filter of Rout and Cin is:

F3dBHigh= 1 /(2*pi*107.2*10A-12*29794) = 21.8 kHz
Assuming RIO is at 100%, the maximum plate current will swing between 0.8

mA (Imax) and 0.3 mA (Imin). The bias current Ibias is 0.5mA (all values were obtained
from Figure 3). Thus the resulting secondharmonic distortion will be [7]:
D2 = (|B2|/|Bi|)* 100
Where:

•D1 —Umax —Imin) ' *>

B2 = (Imax + Imin-2*Ibias)/4

The resulting second harmonic distortion is:
D2 = (((0.8-0.3)/2) / ((0.8+0.3-2*0.5)/4))*100 = 10%

Stage 3 consists of a common cathode amplifier with a bypassed cathode resistor.

The purpose of this stage is to further distort the signal. This is accomplished by selecting
14

a nonlinear biasing point. A bias pointthat would cause significant second order
distortion and soft clipping would be at a gridvoltage of-2V and a plate current of 0.5
mA (see Figure 5).
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Figure 5: Q-point of stage 3

To obtain the appropriate load line passing through the Q-point Rl and R17 were
selected to be IM and 220K respectively. The slope of the load line is 1/Req where:
Req = R17||(R22+R18)

R20 does not affect the load line for no current is passing through the resistor. The
cathode resistor needed is:

Rk = R15 = 2V/ 0.5mA = 4000 ohm.

Thus R15 was selected to be the nearest standard resistor value of 3900 ohm.

Assuming the signal entering stage 3 has a swing of 1.1V, the output plate voltage will

swing between 165V and 235V. Thus the AC plate voltage will have a peak to peak value
of 70 V. The gain of stage 3 is:

Av = |Vout| / |Vin| = 70/1.1 = 63.6 V/V = 36.07 dB
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It is desired to have an input grid voltage of 4V peak to peak. A voltage divider is
created between R22 and R18. The attenuation caused by R22 and Rl 8 is:

Attenuation = 68000 / (68000+1000000) = 0.0636 V / V

Thus the grid voltage at the forth stage will be 4.45 V. Rl 8 will not affect the AC
load line for it is in series with R22. Since (R22 + R18)» R17, the load line's slope is
approximately 1/R17.

The DC blocking capacitor C6 was selected to be 4.7 nF. This creates a lowpass
filter with R22 in series with R18. The 3 dB corner frequency is:

f3dBLow= 1 / (2*pi*0.2*10A-6* 1030000) = 32.87 Hz
The output resistance of stage 2 is:

Rout = (((RL + R2) || R3) +R1) || Rp) || rp = 36423 ohms
The input capacitance of stage 3 is:
Cin =1.6+ 1.7*(63.6+1)= 111.4 pF

The outputresistance of stage 2 in series with R4 combined with the input

capacitance of stage 3 creates a lowpass filter with a 3 dB corner frequency of:
f3dBHigh= 1 /(2*pi*111.4*10A-12*(36423+200000)) = 6042Hz
From Figure 5 it can be seenthat the maximum plate current is 0.7 mA and the

minimum plate current is 0.4 mA. The bias current is 0.5 mA. Thus the resulting second
harmonic distortion is 16.66%.

The purpose of stage 4 is to produce 40% second harmonic distortion. To

accomplish this task the Q-point must be biased in an extremelynonlinear region. The
chosen Q-point can be seen in Figure 16 (Vg = -3.6V and Ip = 0.1mA). The plate resistor
R21 was selected to be 47K to and the load resistor R3 is selected to be IM. The
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combination of (R3+R2) || R21 creates the desired load line seen in Figure 6. The cathode
resistor Rl9 is:

Rg = 3.6 V / 0.1 mA = 36000 ohms.

12AX7LPS

Vp
200v

X

300v

400v

500v

Q-Point: Vg =-3.6V, Ip =0.1mA

Figure 6: Q-Point of Stage 4

Assuming the gridis applied with a 4.45V peakto peakvoltage from stage 3, the

current will swing between 1.8mA and 0 mA, with Ibias = 0.1 mA. This yields a second
harmonic distortion of:

D = ((1.8mA - 0mA)/2)/((1.8mA + 0mA - 2*0.1mA)/4) = 44.44%

Figure 6 shows that the plate voltage swing will be 85V (215V to 300V). Thus the
stage gain is.

|AV| = |Vout| / |Vin| = 85 / 4.45 = 19.1 V/ V = 25.6 dB
Resistors R3 and R2 form a voltage divider with an attenuation of 0.053 V/ V.

The voltage applied to the grid of stage 5 will swing approximately 4.5 V/V.
The output resistance from stage 3 is:

Rout = (R22+R18) || R17 || rp = 42847 ohms
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The input capacitance of stage 4 is:
Cin = 1.6 +1.7*(19.1+1) = 35.7 pF

Thus the 3 dB frequency of the lowpass filter created by Rout from stage 3 in
series with R20 and the input capacitance of stage 4 is:

fsdBHigh = 1 / (2*pi*(42847+470000)*35.7*10M2) - 8693 Hz
This stage is DC coupled to stage 5. Since no amplification takes place in the
buffer we do not have to worry about amplifyingDC voltages. In stage 5, R23 is selected

to be 100K ohm. Thus R23 » rp andthe voltage gain is approximately 1 (see Appendix
B). The preamplifier output voltage is measured across R23.The output impedance of the
buffer is:

Rout = rp || R23*(mu+1) = 56000 || 100000*95 = 55671 ohms
The input capacitance of stage 5 is:
Cin =1.6+1.7*(1+1) = 5 pF

The output impedance from stage 4 is:
Rout = R21 || (R2 + R3) = 45018 ohms

The output impedance of stage 4 and the input capacitance of stage 5 create a
lowpass filter. The upper 3 dB corner frequency is 716.2 kHz.
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Design Specifications
The original specifications of the project can be seen in Table I. Each specification is
rated at one of three levels:

•

R - It is a required design objective.

•

G - It is a design goal, but not necessarily required.

•

P - Preferred design specification.

Table I also states if the specifications were met.
Objective

Specification

Specification
Met

1

R

To design and construct a vacuum tube guitar

Yes

frequency preamplifier and power amplifier.
2

R

The poweramplifier is to have an outputpowerof

Yes

100 Watts RMS, 200 Watts peak.
3

R

The power amplifier is to have two output

Yes

impedances, one of four ohms and the otherof eight.
This is to match the DC- input impendence of
different speaker enclosures.
4

R

The distortion channel will produce second

Yes

harmonic distortion by biasing certain gain stages in
nonlinear regions of the plate characteristic curves.
5

R

The guitar amplifier's bandwidth must be

sufficiently large to amplify all frequencies an

electric guitar can produce. An electric guitars

19

Yes

bandwidth is typically 80 Hz to 6 kHz.
6

R

The guitar amplifier's upper 3 dB corner frequency

Yes

is to pass 6 kHz.
7

R

The guitar amplifier's lower 3 dB corner frequency

Yes

is to pass 80 Hz
8

R

The distorting preamplifier is to consist of four gain

Yes

stages.
9

P

The four preamplifier stages are to have

Yes

approximate gains of (in order): 50 V/V, 1 V/V, 60
V/V, 20 V/V
10

R

The four preamplifier gain stages are to have a

Yes

second harmonic distortion of (in order): 0%, 10%,
16%, 40%
11

G

The amplifier is to have proper ventilation and a low

Yes

noise fan behind each power amplifier to avoid
overheating.
12

P

The power amplifiers fans are to operate such that

Yes

none of the components overheat.
13

G

The cost in parts for the preamplifier and power

amplifier should be no more than $200. The overall
cost of the amplifier should not exceed $750.
Table I: Original Design Specifications

20

Yes

Although the original specifications of the amplifier design were met, several

problems where present. The primary fault of the circuit was that it was designed to

amplify an incoming signal of 15-25 mV peak to peak in magnitude. Guitar signals are

typically 150-250 mV peak to peak, thus the grid voltage became positive in several of
the amplifying stages. This resulted in the grids of the vacuum tubes drawing grid
current, which led to acoustic feedback. Another problem with the circuit was that it

produced many high harmonics of the fundamental signal, andthe sound became very

bright and brittle. Thus additional filtering was required. Finally, the third major problem
was that most of the high pass filters had 3 dB points under 60 Hz. This allowed the DC

ripple from the power supply to be amplified in several gain stages. The DC ripple mixed
with the guitar signal and the result was a loud 60 Hz hum in the output signal.

Specifications 5, 6, 7, 9, and 10 were modified to the specifications found in Table II.

Specification

Objective

R

The distortion preamplifier's bandwidth should be between
80 Hz to 3.5 kHz.

R

The distorting preamplifier's upper 3 dB cornerfrequency is
to pass 3.5 kHz.

G

All blocking and bypass capacitors that form high pass filters
in the distorting preamplifier should have a 3 dB corner
frequency between 60-80 Hz.

The four preamplifier stages are to have approximate gains of
(in order): 50 V/V, 60 V/V, 1 V/V, 50 V/V

21

10

R

The four preamplifier gain stages are to have a second
harmonic distortion of (in order): 0%, 20%, 25%, 7%
Table II: Modified Design Specifications

To meet the new specifications the circuit had to be redesigned. The new design is
analysed in the proceeding section.

22

Circuit Modifications

The modified circuit can be seen in Figure 7. Visually, the most noticeable

difference is that the location of the unbypassed common cathode stage was changed.
This was done because the unbypassed cathode stage can be significantly driven into the

positive grid region without feeding back if a sufficiently large grid resistor is placed in
front of the gain stage. Thus the signal can be significantly clipped.

400V

300V

300V

R22

100k

VOUt

Figure 7: Modified distorting preamplifier circuit

The size of the grid resistor determines how far the voltage can swing into the

positive grid region. By making R23 large the guitarsignal can be severely clipped
resulting in larger harmonic currents.

A key discoverywas made while developing the modified distorting circuit. The

unbypassed cathode gain stage creates an acoustically "softer" sounding distortion, while
the bypassed cathode stages create more crisp sounding distortion. This discovery played
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a significant role inthe development ofthe modified distorting preamplifier. The
difference in the generated harmonics are shown in the results section of the report.

The changes made to stage 1 are as follows. The bias point (Q-point) was changed
from (see Figure 8):

Vg = -lV,Ip = 2mA
To:

Vg = -2V, Ip - 1 mA

Where Vg and Ip are the grid voltage and plate current. The bias point ofthe first
stage can be seen in Figure 8.

12AX7LPS

Ip

Vp
lOOv

200v

300v

400v

500v

Figure 8: Bias point and AC load line of stage 1

This change was made to reduce the gain of the stage, as well as to be able to

place the 3dB corner frequency of CI and R4 between 60 and 80 Hz. The new 3 dB
corner frequency is 79.5 Hz. The new gain of the stage is 51.16 V/V or 34.17 dB

(derivations of these results canbe obtained by inserting the newcomponent values into
the formulas of the preceeding section). A voltage divider between R2 and R8 was
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created to attenuate the signal by 0.6. This would provide a grid voltage to stage 2 of

approximately 6.1 V peak to peak assuming a 250 mV peak to peak input signal. C2 was

adjusted acordingly to place the 3 dB comer frequency created by C2, R2, and R8 at 80
Hz.

The second harmonic distortion created by the first preamplifier design was

determined not great enough by the designer. To be able to reach the desired

nonlinearites of the plate characteristic curves, the platevoltage in stages 2, 3, and 4
where increased to 400V. The bias point of stage 2 was changed from (see Figure 9):
Vg = - 2.5V, Ip = 0.5 mA
To:

Vg =-3.2V, Ip = 0.75 mA

12AX7LPS

Ip

vP
lOOv

200v

300v

400v

500v

Figure 9: Bias Point and AC load line of Stage 2

This bias point was changed because the user wasn't satisfied with the sound of
the harmonic content of the original bias point. C4 was changed to 2.2nF to create a high

pass filter with R6, Rl 1, and R12 with a 3 dB comer frequency of 60 Hz. The grid
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resistor R24 was placed in front ofVIB's grid to prevent the second stage from drawing

grid current. R24 creates a low pass filter with the miller capacitence ofstage 2. The 3 dB
comer frequency is 3466 Hz. Assuming a grid input voltage of 3.7 V peak to peak, the
gain of stage 2 is estimated to be 52.9 V/V from the plate characteristic curves.

Instage 3 R14 was changed from 100k to 36k. This hardly shifted the bias point
and had very little affect onthe gain (see Figure 10). However, acoustically this change
made the the distortion sound smoother (different harmoincs are createdat this bias

point). When applying a large signal (Vg > 20 Vpeak to peak) to this stage the gain of
the stage is virtually 1. R13 creates a lowpass filter with the miller capacitence of stage 3
with a 3 dB comer frequency of 6777 Hz. The purpose of R13 is notto filter, butto limit
V2A from drawing grid current.

12AX7LPS

Ip

Vp
400v

Vg= -4.7 V, Ip= 0.15 mA

Figure 10: Bias Point and AC load line of Stage 3.
The bias point of stage 4 was changed from (see Figure 11):

Vg = -lV,Ip = 2mA
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To:

Vg = -2V, Ip = 1 mA

This change was made to be able to place the 3dB comer frequency of C3 and

R18 at 80 Hz by using standard component values. R23 and the miller capacitence of

stage 4 form a lowpass filter with the 3 dB comer frequncy of 3505 Hz. Assuming a 4 V

peakto peak input, the small signal gainof stage 4 is estimated to be 55 V/V from the
plate characteristic curves. However, when the grid is applied with a large signal (Vg>50

V peak to peak) the gain will be very small and aproach unity gain. The second harmonic
distortion is estimated from the plate characteristic curves to be 7%.

12AX7LPS

Ip

Vp
lOOv

200v

400v

aoov

500v

Figure 11: Bias Point of Stage 4

Table III contains the designed circuit data in table form.
Stage

Lower 3dB

Freq. (Hz)

Upper 3dB
Freq. (Hz)

Gain (V/V)

% 2nd
Harmonic
Distortion

1

80

19137

50

0%

2

60

3466

60

20%

3

72

6777

1

25%

27

80

3505

55

7%

Table III: Stage Data

f
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The Widman VT-2

The flowchart for the designed guitar amplifier, named "Widman VT-2", can be
seen in Figure 12.
Clean Channel

switch

Input
Ch.
Select

Active

Q 7-Band

X
c

EQ

Clean

Volume,

Preamp

Tone cont.

EL-34

P-Amp
Phase

Switch

Inverter

Matrix

Distorting

Volume,

6L6GC

7-Band

Preamp

Tone cont.

P-Amp

Distorting Channel

Figure 12: Block diagram for the Widman VT-2
The Widman VT-2 consists of two preamplifiers with real time switching

between them. Priorto each of the preamplifiers is a selectable active band pass filter that

allows the user to emphasize what frequencies he wishes the preamplifier to significantly
distort. After preamplification the signal is sent through a passive filter which acts as a
tone control as well as a volume control. The signal is then sent to the phase inverter

where it is amplified and split into two identical signals 180 degrees out ofphase with

respect to each other. The signals are then sent to a switch matrix, which will send the
signals to either one ofthe two power amplifiers. The VT-2 isthe world's first guitar
amplifier with selectable vacuum tube power amplifiers. After current amplification takes
place inthe power amplifier the signal isthen sent to an external speaker. The VT-2 can
be seen inFigure 13. The amplifier chassis is enclosed by a firm birch plywood housing

covered by durable Cerwin Vega speaker cloth. The handle on the amplifier is offcentered and positioned atthe center ofgravity to ease transportation ofthe amplifier.
Cosmetically, the amplifier differs from typical guitar amplifiers by having it's input at
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w

To s

Active

EQ

Output

Output
w

the center of the user interface, rather than placing it to one of the sides as done by
convention. The Widman VT-2 also has a white "W" logo painted on the front grill.

Figure 13: The Widman VT-2

Figure 14 shows the chassis of the amplifier. The clean and distorting

preamplifier channels are located on the left and right respectively. The input can be seen
in the middle of the amplifierwith graphic equalizers located on either side of it. Figure
14 also shows the two separate power amplifiers (PA) located in the rear of the chassis.

The preamplifier tubes can be seen towards the front top part of the chassis. Figure 15
shows the inside of the Widman VT-2. In this picture an aluminum divider separates the

preamplifier section from the power amplifier section. The divider serves two purposes,

the first is to provide additional durability and stability to the chassis to prevent the heavy
transformers from making it cave in. The second purpose of the divider is that it acts
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EL-34
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"

Channel

Distorting
Graphic
Equalizers

Channel

Input

Figure 14: The Widman VT-2 Chassis

Preamplifier

Graphic
Equalizer

selector

Boards

Phase
Inverter

Distorting
Preamplifie:

Clean

Preamplifier

EL-34

6L6

Power

Power

Amplifier

Amplifier

Power

Supply

Figure 15: Inside the Widman VT-2
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as a static shield, protecting the preamplifier section from electro-magnetic waves. The

preamplifiers and graphic equalizer boards are located towards the top ofFigure 15. The
power supply and power amplifiers are located inthe lower halfofthe picture.
\
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Results

Table IV shows the designed verses actual quiescent points of the gain stages. The
deviations of the actual quiescent points are due to non-ideal component values and
human error when estimating the plate currents and gird voltages.

Designed Q-points
Stage

Vg(V)

IP (mA)

Measured Q-points

Vg(V)

Ip (mA)

vg%

IP%

Error

Error

1

-2

1

-2.06

1.05

3%

5%

2

-3.2

0.75

-3.23

0.7

0.9 %

6.7 %

3

-4.7

0.15

-4.52

0.13

3.8 %

13.3 %

4

-2

1

-1.61

0.82

19.5 %

18%

Table IV: Designed vs. Actual Quiescent Points

Some of the errors may seem rather large, but upon further inspection of the data

it appears that most quiescent points are very close to their designed values. It should also
be kept in mind that the graphical method of selecting a quiescent point is only an
estimate of the actual quiescent point. This graphical method is highly subject to human

error. Stage four was the most inaccurate quiescent point. Upon inspection ofthe circuit
R19 and R20 (see Figure 7) were greater in value than expected, which caused the load
line of stage four to be lowered, thus the quiescent point shifted as well.
The actual verses calculated gains of the stages can be seen in Table V. Most

stage gain estimates from the plate characteristic curves were fairly accurate. A small
signal model was used to calculate the gain of stage 1. The gain of stage 3 may appear to
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be poorly estimated, however the way the gains of the stages were measured greatly
affected the results. Each stage gain was calculated by applying a small signal to the grid

(typically 200 mV) and the output was measured from the plate. When stage 3 is applied
with a large signal (as it is in the guitar amplifier) the signal will become severely
saturated and the gain of the stage will be very close to 1. The designed gains were
calculated for a small signal, when in reality the signal applied to the grid in later stages

is very large. Thus Table V applies to small signals rather than large ones. The designed
gains of stages 2, 3, and 4 were estimated by using a graphical analysis method by
drawing the signal swing on the plate characteristic curves. This method is not very

accurate and is only an approximation of the actual gain since it is highly susceptible to
human error. Hence the errors in the gain approximation calculations are expected. The

gain of the first stage was calculatedby using a small signal model. The error may have
occurred because the guitar signal is too large to be considereda small signal. Thus the
small signal model for stage 1 cannot be used.
Stage

Designed Gain

Actual Gain

% Difference

1

V/V,dB
50, 34.2

V/V, dB
44.3, 32.9

11.4%

2

60, 35.56

50.9, 34.13

15.1 %

3

1,0

1.8, 5.1

80%

4

55, 34.8

60.57, 35.6

10.1 %

Table V: Designed vs. Actual Stage Gains

A spectrum analysis of the individual amplifying stages was conducted. A 1 kHz
sine wave of 200 mV peak to peak was applied to the grids of the stages and the output
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was measured from the plates. This experiment provided accurate results for the first

amplifying stage, but the results of stages 2, 3, and 4 will be inaccurate. Due to hardware
limitations, the spectrum analyzer can only analyze a signal that is equal to or less than

30 volts peak to peak. The guitar signal entering stage 3 and 4 is typically around 80 volts

peak to peak. Since the guitar signal will cause a large grid voltage swing, the signal will
be clipped harder by the vacuum tubes and more harmonics will be generated. The
harmonics generated in stage 2 are also greater due to a large gridvoltage. The harmonics
shown in Figure 17a, 18aand 19aare smaller in magnitude than the actual harmonics

being created when using the amplifier. Despite the inaccurate measurements of stage 2,
3 and 4 the spectrum was still measured for it provides an understanding of the harmonics
being generated at each stage in the preamplifier.

Figure 16a shows the harmonic content of stage 1. The primary objective of this

stage was not to distort the signal, but to amplify it so it could be distorted in later stages.
Stage 1 Harmonic Content

Input

Output
3.15

4.2

5.3

6.35

7.4

ia',Mtry"m»'

Frequency (kHz)

Figure 16a & b: Stage 1 Harmonic Content and Oscilloscope Output

The spectrum shows that the harmonics generated of the fundamental signal are

not very large inmagnitude. There is almost a 40 dB difference between the fundamental

signal and the second harmonic. Although it becomes tempting to neglect the harmonics
/

ofthe first stage, these harmonics contribute to the overall tone ofthe preamplifier. The
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oscilloscope output shows thatthe signal is amplified, inverted, but not significantly
distorted. Second harmonic distortion is defined as [7]:

D2 =

B,
100

5,

Where Bi and B2 are the magnitudes of the first two harmonics of the signal. By

using this definitionstage 1 has 1% second harmonic distortion.
The harmonic content and oscilloscope output of stage two is shown in Figure 17a

& b. This stage is clipping and amplifying the signal. Notice the large even and odd
harmonics being created. The second harmonic distortion created in stage two is 11.2 %.

Keep in mind that these harmonics are actually smallerthan the true harmonics being
created when amplifying a guitar signal. Therefore the second harmonic distortion
measurement can only be used as an estimate. Figure 17b clearly shows how stage two
clips the upper portion of the signal.

Stage 2 Harmonic Content

Input

Output

1.05

2.1

3.15 4.25 5.25 6.35

7.4

8.45

9.5

Frequency (kHz)

Figure 17a & b: Stage 2 Harmonic Content and Oscilloscope Output
The harmonic content of stage three can be seen in Figure 18a. Stage three was

the common cathode stage with an unbypassed cathode. During the iterative designing
stage the designer noticed that the distortion produced by stage three sounded "softer"
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than the other stages. In Figure 18a two harmonics are present that do not appear in the

other spectra. The harmonics are at 1.5 and 4.5 kHz. This slight difference in harmonic
content leads to a significant change in sound. The second harmonic distortion measured

in stage 3 is 7.76%, which is an extreme misrepresentation due to the limitations of the
measuring equipment. The significantclipping of the AC signal can be seen in Figure
18b. Notice the soft clipping that the vacuum tubes create. A transistor would clip the
signal much more abruptly.

Figure 19a shows the harmonic contentof stage 4. Once again significant
harmonics of the fundamental signal are being generated. The second harmonic distortion
of this stage is 4.6%, which is once again inaccurate data.
Soft Clipping
Stage 3 Harmonic Content
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Figure 18a & b: Stage 3 Harmonic Content and Oscilloscope Output

Figure 19b shows that the sine wave has now been clipped to the shape of a

square wave. Notice that the square wave has rounded corners created by the soft

clipping ofthe vacuum tube. The soft clipping produced by the vacuum tubes is a product
ofthe plate characteristic curves nonlinearities [13]. Vacuum tubes enter saturation
gradually, which causesthis soft clipping [13].
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Stage 4 Harmonic Content

Input

Output
1.05

1.7

2.1

3.15

3.4

5.1

6.68

8.35

Frequency (kHz)

Figure 19a & b: Stage 4 Harmonic Content and Oscilloscope Output
The total harmonic content of the distorting preamplifier can be seen in Figure 20.

Notice that the spectrum consists primarily of odd harmonics. This is not surprising since

the input sine wave has now taken the shape of a square wave. A pure square wave has
odd harmonics of the fundamental signal [11].

Distortiing Preamplifier Spectrum

1.05

2.1

3.15 4.25

5.3

6.35

7.4

8.45

9.5

Frequency (kHz)

Figure 20: Distorting Preamplifier Harmonic Content

Table VI shows the designed second harmonic distortion and the measured
second harmonic distortion.
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Stage

Designed 2nd

Measured 2nd

Harmonic

Harmonic

Distortion

Distortion

1

0%

1%

2

20%

11.2%

3

25%

7.76 %

4

7%

4.6 %

Table VI: Designed vs. Measured 2nd Harmonic Distortion
Since the measurements of the second harmonic distortion in stages 2, 3 and 4 are

so inaccurate, the data in Table VI has no scientific meaning. The data can not be used to

see if the secondharmonic distortion design objective was met. It is recommended by the

designer that the measured data be omitted. The spectrum of the individual stages should
only beused to obtain an understanding of the harmonics being generated in each stage.
However, no scientific conclusions can be made from this data.

The bandwidth of the individual stages was measured using a signal generator

and an oscilloscope. The signal generator was connected to the grid of each individual

stage and the output was recorded atthe respective plate. Table VII shows the bandwidth
of the individual stages of the distorting preamplifier.

The total frequency response of the preamplifier is 74Hz to 3.53 kHz. Most of the
lower 3 dB corner frequencies where relatively close to theirdesigned values. The
deviations of the results from the designed values are due to non-ideal components. What

is more important than obtaining the designed lower corner frequency is to place the 3 dB
frequencies between 60 Hz and 80Hz. This will block the 60 HzDC ripple from the
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power supply and pass the lowest guitar frequency (85-90 Hz) to the next stage inthe
preamplifier.
Stage

Designed

Actual

Percent

Lower

Lower

Difference

Designed
Upper

Actual

Percent

Upper

Difference

corner

corner

corner

corner

frequency

frequency

frequency

frequency
22400 Hz

17%

1

80 Hz

72 Hz

10%

19137 Hz

2

60 Hz

70 Hz

16.7 %

3466 Hz

4260 Hz

23%

3

72 Hz

70 Hz

2.8 %

6777 Hz

5640 Hz

16.7%

4

80 Hz

74 Hz

7.5 %

3005 Hz

3530 Hz

17.5%

Table VII: Preamplifier Stage Frequency Response

The upper 3 dB corner frequencies were not as precisely placed as the lower 3 dB
corner frequencies. This was due to great variation of internal grid to plate and grid to
cathode capacitance in the vacuum tubes. Since the grid resistors are large resistors (68k470k) slight variations of internal capacitance will cause large deviations in the frequency
response. It is important for the designer to take an artistic stance when placing the upper
3 dB corner frequencies. The designer must use his or her musical knowledge and
determine if the guitar amplifier sounds to bright or if the tone of the guitar is being

restricted bythe preamplifiers narrow bandwidth. This skill is developed over time and it
is the determining factor that separates a sound engineer from a good soundengineer.
It may seem unorthodox to generate harmonics of the fundamental frequency by
clipping the guitar signal, and then removing some of the harmonics by filtering them
out. From an engineering point of view it does not make much sense. However, when
developing a musical circuit, such as this guitar preamplifier, the designer must take the
stance of an artist as well as an engineer. The most valuable skill a sound engineer can
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•

have is to be able to determine what causes a particular sound and how to process the

guitar signal to obtain the desired tone sought.

Referring to Table VIII it can be determined what specifications were and were
not met.

Objective

Specification

Met / Not
Met

5

R

The distortion preamplifier's bandwidth should be

M

between 60 Hz to 3.5 kHz.
6

R

The distorting preamplifier's upper 3 dB corner

M

frequency is to pass 3.5 kHz.
7

G

All blocking and bypass capacitors that form high pass

M

filters in the distorting preamplifier should have a 3 dB
corner frequency between 60-80 Hz.
9

P

The four preamplifier stages are to have approximate

NM

gains of (in order): 50 V/V, 60 V/V, 1 V/V, 50 V/V
10

R

The four preamplifier gain stages are to have a second

Omit

harmonic distortion of (in order): 0%, 20%, 25%, 7%
Table VIII: Modified Design Specifications

Specifications 5 and 6 were met. The preamplifier's lower 3 dB corner

frequencies are between 60 - 80 Hz and the upper corner frequency is about 3.5 kHz.

Specification 9 was not met by the design. The actual gains ofthe stages were typically
10V/V lower than the designed stage gains. This is a result of human errorwhen

calculating the stage gains using a graphical method. The stage gains will also become
smaller when applied with a large grid voltage. From the data collected it can not be
41

determined whether sepcification 10 was met or not. Due to the limitations of the

spectrum analysing instrument the second harmonic distortion could not be measured
acuratly.
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Conclusions

The project was completed in a timely manner and all specifications except [9]

were met (omitting specification [10]). Since this is an artistic project as well as an

engineering project, the overall audible performance of the amplifier must be considered
as well as the quantitative specifications. The amplifier was designed to meet the desired

acoustic qualities sought by the designer. The amplifier was intended to be used for
modern alternative rock music, as well as classic rock and heavy metal. Although the

amplifier has notbeen tested and evaluated formally bya panel of musicians, several

guitarists have played it and extremely positive response has been received. It is the
designer's opinion that the amplifier is comparable, if not better than, some of the best
alternative rock guitar amplifiers in the world.
From the data collected it is desired to determine why vacuum tube amplifiers

sound better (according to most guitarists) than transistor amplifiers. One of the most

prominent reasons why musicians think tube amplifiers sound better is because vacuum
tubes enter saturation gradually as seen in Figure 21.

12AX7LPS

lb
6ma

5ma

- -

111 T7? 'Hi-JX, -div ,

~

2
7

2ma

IflM
0

m,JL

^ 1<:
"8

Pd max* 1.1! watt

4ma

3ma

30 -

z

Z j.
/

7

/

5

/

3 mA

,Ny

300v

400v

»"'-'.-..-'-", VanopV -

J--

•

J

=1
a
t_3

_J.---'--

-r./s- iooma>

10 -

|'T1V«rfTX'_ 1

/ / * / / / /~r£ X
~ZrXT<%+£?p"Z^Z*2£2K2j*2S
^ ^ ^-"" - :-£ZXN

J ,,

'"""

-1.5V
/ ***?
-/ -^ c- /I |.9u-

-7 / / I / I ?%**
7 S / / J.-Z / *J1

ia*

——

m ' >,-?•"> ('* —

\
6

VCE

10

—j

Volts 1&

Collector-Emitter Voltage

500v

Figure 21: Vacuum Tube vs. Transistor Characteristic Curves
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By entering saturation gradually, tubes become more dynamic and responsive to
musical notes. This allows guitarists to control the amount of distortion added to their

signal by striking the guitar strings at different strengths. This may be a reason why
musicians "think" tubes sound better, just because tubes are much more dynamic than

transistors. The gradual saturation ofthe vacuum tubes is evident in the time domain. In

Figure 19b the gradual saturation ofthe gain stages produce "soft clipping" which shows
as rounded corners on the square wave produced by the distorting preamplifier.

Another reason why vacuum tubes may sound better is because the harmonics
added when distorting the signal are very nonlinear. This is very evident in all of the

spectra ofthe various stages in Figures 16a, 17a, 18a, and 19a. These nonlinearities may
be more pleasing to the human ear than the more linear harmonics produced by transistor
distortion. However, this is just a theory andthere is no supporting evidence to verify this
claim.
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Recommendations

The project was fully completed on time by the designer. Future
recommendations to the distorting preamplifier are:

•

An additional selectable feature to the preamplifer could be added called

"hard clipping." This feature would clip the guitar signal by using a

clipping network with germanium diodes placedafter stage 4. The guitar
signal would be clipped and have hard corners. This would be a nice
feature to include for heavy metal guitar players.

Recommendations for the overall guitar amplifier are as followed:

•

Develop real-time switching between the El-34 and 6L6 power amplifier.

•

Additional filtering in the power supply could be used to minimize the DC

ripple. This will result in less 60 Hztransformer hum in the guitar signal.
•

Minimize the size of the circuit boards and develop PCB boards.

•

Reduce the overall size of the guitar amplifier.

•

Include an effect loop between the preamplifier and the power amplifier.
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Electrical Data

6.0 or! 2.0 V

Heater Voltage, not less than
Heater Voltage, not more than
Plate Voltage, not more than

CD

I

6.6 or 13.2 V
330V

Heater to Cathode Voltage:

a
a

o*
3

j>ositrve, V not more than

200V

negative, V not less than

200V

Plate Current, not more than

9 mA

Plate Dissipation, each triode, not more than

1.2 watts

Maximum arid circuit resitance:

fixed bias, not more than

1 Mohm

self bias, not more than

2.2 Mohm

Amplification Factor (nominal)

94

Transconductance (nominal)
Plate Resistance (nominal)

56.0 K OHM

Inter-electrode Capacitances:
C, grid to plate

1.7 PF (triode 1 and 2)

1.7 mA/V

1.6 pF (triode 1 and 2]
C, grid to cathode and heater
C, plate to cathode and heater 0.46pF(l)and0.38(2)
C, cathode to heater

C, plate to plate

5.0 nF (nominal)
600 pF

Measured Electrical minima:

Grid reverse current, not more than (see note below)
Plate current, not less than
(see note below)

O 1

Of

3*
o

0.2 UA
0.75 mA

Platecurrent (Eb= 250V, Ec= -4V)

10 uA

Transconductance, not less than

(see note below)

1.4mA/V

Amplification Factor, not lessthan

(see note below)

78

NOTE: heater V, 12.6vac; plate V, 250V; grid bias, -2v; grid circuit resistance, 1K ohm
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APPENDIX B: Common Cathode Amplifier
A common cathode stage amplifier can be seen in Figure B1.
Q

Rp
Co

-» OUTPUT 1
VIA
Rl

Ci
2

INPUT

-» OUTPUT 2

Rg
Rk

Figure Bl: Common cathode amplifierwith unbypassed cathode resistor
The equivalent small signal AC circuit can be seen in Figure B2.
Rin

Ci

RL

Figure B2: Small signal equivalent circuit for a common

cathode amplifier with a unbypassed cathode resistor

The internal plate resistance is rp and the internal capacitance between the gird,

plate and cathode has been neglected inFigure E2. Capacitors Ci and Co will become
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short circuited at high frequencies. When this occurs RL is in parallel with Rp. The

simplified circuit can then be seen in Figure B3 where Req = RL || Rp. The cathode
resistor Rk causes degenerative feedback [2]. The simplified circuit can be seen in B3.
Rin

r-^VW

Vin<

Rg
Req

Vin

Figure B3: Simplify circuit of Figure B2

Byusing KVL counterclockwise in the right loop in Figure B3, the following
equation is obtained:
mu*Vgk - I*Rk- I*Req - I*rp = 0
Thus,

I = (mu * Vgk) / (Rk+ Req + rp)
The output voltage Vout is:

Vout = - I*Req = - (mu*Req * Vgk) / (Rk+ Req +rp)
Figure B3 also shows that:
Vin = Vgk + Vk
Where,

Vk = I * Rk = (Rk * mu * Vgk) / (Rk+ Req + rp)
Thus,

Vin = Vgk + (Rk * mu * Vgk) / (Rk+ Req + rp)
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Vin = Vgk * (1 + (Rk * mu) / (Rk+ Req + rp))
Thus,

Vgk = Vin / (1 + (Rk * mu) / (Rk+ Req + rp))

Vgk = (Vin*(Rk+ Req + rp)) / ((Rk * mu) +Rk+ Req + rp)
By substituting Vgk into Vout:

Vout - - ((mu*Req) / (Rk+ Req +rp)) * ((Vin*(Rk+ Req + rp)) / ((Rk * mu)
+Rk+ Req + rp))

Vout= - (mu*Req*Vin) / (Rk + mu*Rk + rp +mu*Rk)
Thus the voltage gain can be written as:

Aly = Vout / Vin = - (mu*Req) / (Rk*(l+mu) + Req + rp)

By shorting the AC signal sources in Figure B3 and applying anAC source in

parallel with Req, it is possible to obtain the output impedance ofthe common cathode
stage with bypassed cathode resistor. The modified circuit can be seen inB4. By shorting
all sources Req will be in parallel with rp and Rk and the output impedance will be:
Rout = Req || (rp + Rk*(mu+1))
Rin

l—AAAr

Rg
Vx

Rk*(1+mu)

-o

B4: Output impedance circuit

50

The input impedance if the circuit is Rg. The input impedance is obtained by
using a similar technique to that of finding the output impedance.

A common cathode stage amplifier with a bypassed cathode resistor can be seen
in Figure B5.

Rp
Co

-» OUTPUT

ifVIA
Rl

2
INPUT

Rg
Rk

Ck

Figure B5: Common cathode amplifier with by passed cathode resistor
The equivalent small signal AC circuit can be seen in Figure B6.
Rin

,-AA/V

Ci

II-

RL
Vin

Figure B6: Small signal equivalent circuit for a common
cathode amplifier with a bypassed cathode resistor
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The bypassing capacitor Ckin Figure B5 becomes as short circuit at high

frequencies and thus the cathode resistor Rk is shorted out. Ci and Co become short
circuits at high frequencies as well and once again Rp will be in parallel with RL. The
simplified circuit can be seen in Figure B7.
Rin

Vin<

Rg
Req

Vin

Figure B7: Simplify circuit of Figure E6

By using KVL in the right loop in Figure B7 the following equation is obtained:
mu*Vgk - I*Req - I*rp = 0

Since Vgk = Vin, the counterclockwise loop current is:
I = (mu * Vin) / (Req + rp)

The output voltage Vout is:
Vout = - I*Req

Thus the voltage gain Av for the given stage is:
A2V = Vout / Vin = - (mu*Req) / (Req +rp)

This proves that the voltage gain for the bypassed cathode stage must be higher
than an unbypassed cathode stage, since the denominator in A2V does not contain the
Rk*(mu+1) coefficient. Thus:
A2V > Alv
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By shorting the AC signal sources in Figure B7 and applying an AC source in

parallel with Req, it is possible to obtain the output impedance. By doing so Req will be
in parallel with rp and the output impedance will be:
Rout = Req || rp

For both of these amplifier configurations the input capacitor Ci creates a

highpass filter with Rg (see Figure B6). The output of the highpass filter (taken across
Rg)is[H]:

Vout = Vin *(Rg*Ci*s) / (1 + (Rg*Ci*s)) - Vi*l / (1- s / (Rg*Ci))

Thus the 3dB corner frequency due to the highpass filter is [11]:
f3dBLow=l/(2*pi*Ci*Rg)

Prior to the 3 dB corner frequency the gain increases at a rate of 6 dB / decade

[11]. After the 3 dB frequency the signal will be amplified at the maximum gainthe
amplifier can produce, until it reaches the upper 3 dB corner frequency. The output
impendence of the previous stage creates a lowpass filter with the internal capacitance
between the grid and cathode and the grid and plate. This capacitance is [8]:
Cin = Cgk + Cgp*(Av+l)

Where Cgkis the grid to cathode capacitance in parallel with the grid to plate
capacitance Cgp. The 3dB frequency is [11]:

f3dBHigh=l/(2*pi*Cin*Rout)

The gain declines witha slope of - 6 dB / Decade after exceeding the upper 3 dB
corner frequency.
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APPENDIX C: Parts List

Name

Part

Info

Rating

Parts Express #

R1,R3

68k

5% Metal film

54 W

002-68K

R2

680k

5% Metal film

V2W

002-680k

R4,R18

2k

5% Metal film

!/2W

002-2k

R5

0.5M

5% Metal film

54 W

002-500k

R6,R8

IM, log

5% Metal film

y4w

023-590

R9

120k

5% Metal film

1 w

003-120k

RIO

4.7k

5% Metal film

54 W

002-4.7k

Rll

200k

5% Metal film

54 W

002-200k

R12,R21

30k

5% Metal film

54 w

002-30k

R13,R16

470k

5% Metal film

y2w

002-470k

R15,R22

100k

5% Metal film

54 W

002-100k

R19

220k

5% Metal film

y2w

002-220k

R20

IM

5% Metal film

54 w

002-1M

R14

36k

5% Metal film

54 W

002-36k

R23,R24

300k

5% Metal film

54 W

002-300k

C1,C3

luF

Electrolytic

250V

020-1561

C2,C4

2.2nF

Electrolytic

450V

020-1533

C5

4.7nF

Electrolytic

450V

020-1231

C6

0.47uF

Electrolytic

50V

020-2351

C7

0.005uF

Electrolytic

500V

020-5576

V1A,V1B,

12ax7LPS

Sovtek

V2A, V2B,
V3A
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072-425

APPENDIX D: Table of Parameter Definitions

The following parameters are commonly used throughout the report.
Vf

Q

Rp
Co

-» OUTPUT
VIA
Ci

INPUT »

|f

2

Rg
Rk

Ck

Figure Dl: Common Cathode Amplifier with Bypassed Cathode

Ci = Input blocking capacitor
C0 = Output blocking capacitor
Ck = Cathode bypass capacitor
Rk = Cathode Resistor

Rg = Grid Resistor
Rp = Plate resistor
mu = Amplification factor

rp = Internal plate resistance
Cm = Internal capacitance
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